Aim: We herein describe our initial experience of laparoscopic and endoscopic cooperative surgery (LECS) for nonampullary duodenal epithelial neoplasms (NADENs) and reveal its clinical significance.
INTRODUCTION
Recent advances in gastrointestinal endoscopic technology and diagnostic skills have led to increased occurrence of asymptomatic non-ampullary duodenal epithelial neoplasms (NADENs) in daily clinical practice [1] [2] [3] . Either endoscopic mucosal resection (EMR) or submucosal dissection (ESD) has occasionally been indicated in the treatment of NADENs, but the procedure remains technically challenging, given that expertise in both meticulous dissection and subsequent repair is required in the narrow lumen of the duodenum [2] [3] [4] [5] . In addition, the prevention of bleeding and perforation during and after the procedure is pivotal, given that the incidence of these serious complications is relatively frequent in ESD for NADENs [4] [5] [6] .
Laparoscopic and endoscopic cooperative surgery (LECS) was initially invented for the purpose of less invasive surgery for gastric non-epithelial neoplasms [7] but later employed to overcome the limitation of ESD for early gastric cancer (e.g., non-exposed wall inversion surgery (NEWS [8] ), a combination of laparoscopic and endoscopic approaches to neoplasia using non-exposure techniques (CLEAN-NET [9] ). Similarly, recent reports demonstrated that LECS offers a promising procedure of choice to facilitate less invasive surgery in the treatment of NADENs [10] [11] [12] [13] [14] [15] , but the clinical evidence verifying its efficacy remains limited. In this report, we sought to investigate our initial experience of LECS for NADENs and further reveal its clinical significance. Our LECS procedure including ESD and subsequent laparoscopic and endoscopic repair may extend the indication of ESD and improve its safety in the treatment of NADENs.
METHODS
Five consecutive patients with the diagnosis of NADENs between April 2015 and January 2016 were included in this study. All of the patients were referred to the department of surgery by the gastroenterologists. LECS for NADENs was indicated for these patients following routine preoperative examination including esophagogastroduodenoscopy with concomitant biopsy, endoscopic ultrasonography (EUS), upper GI series and computed tomography (CT). Gastroenterologists and surgeons had deliberate discussion to determine the surgery indication for all of patients. In the discussion, special attention was given to the distance between NADENs and Vater papilla obtained from upper GI series images in view of both the prevention of the injury to Vater papilla and the security of the resection margin at least 10 mm away from Vater papilla. Epithelial neoplasms confined in the mucosa at the risk of malignancy were eligible for treatment. In principle, NADENs located in the duodenal wall side of the pancreas head were preoperatively contraindicated for LECS, given that laparoscopic suture repair following ESD was considered to be rather demanding. All of the patients consequently provided written informed consent prior to surgery. Clinical records were reviewed retrospectively. Clinical outcomes included operation time, blood loss, intra-and postoperative complications, and length of postoperative hospital stay. Postoperative complications were graded according to the Clavien-Dindo Classification (C-D: Grade [16] ). All patients were followed up in the outpatient clinic after the discharge. The follow-up examination included the endoscopy during the first postoperative year. In cases with malignancy in the final diagnosis, CT was also periodically performed in the outpatient clinic.
LECS procedure for NADENs
The surgery of LECS for NADENs was performed by a single surgeon (HT) with the certification of Japan Society for Endoscopic Surgery. The patient was placed in a supine position with both legs apart under general anesthesia. A total of five ports were inserted in the abdomen, as described in Figure 1 , and the pneumoperitoneum was created and maintained at approximately 8 to 10 mmHg. The operative field was visualized by 3-dimensional imaging systems equipped with a 10 mm flexible scope (Olympus, Tokyo, Japan) through the infraumbilical port. The infrapyloric region was reached by the dissection of the greater omentum in the vicinity of the transverse colon with an ultrasonically activated scalpel. Following the adequate mobilization of the duodenum, the upper jejunum around 10-20 cm away from Treiz ligament was temporarily occluded with the laparoscopic intestinal clamper, and ESD was commenced by the gastroenterologist (KH with the certification of Japan Gastroenterological Endoscopy Society). The localization of NADENs was confirmed endoscopically and thereafter treated by regular ESD. Considerable attention was given to avoid Vater papilla injury during the procedure. The mucosa approximately 2-3 mm away from NADENs was circumferentially incised with either a flush knife or clutch cutter after local injection of the sodium hyaluronate solution around NADENs. Subsequently, the dissection was meticulously made, and the specimen was contained in the pouch and retrieved orally. Endoscopic dye injection (either indigocarmine or indocyanine green) to the ulcer bed enabled the immediate identification and repair of the mucosal defect from serosal side under laparoscopy. Intracorporeal-interrupted seromuscular sutures with 4-0 PDS (Johnson & Johnson, Cincinnati, OH) were made in perpendicular direction to the long axis of the duodenum. In addition, the mucosal defect was repaired with clips under endoscopy. Airtightness in the suture line was confirmed by sufficient inflation of the duodenum by endoscopy, and the laparoscopic intestinal clamper was finally retrieved before the release of the pneumoperitoneum.
RESULTS
Patient characteristics, preoperative and pathological data are presented in Table 1 . This study included four males and one female, and the age at surgery ranged from 41 to 69 years old. In preoperative data, none of the five NADENs was malignant in biopsy and all of the lesions were supposed to be confined in the mucosa in EUS. In CT, neither regional lymph node swelling nor distant metastasis was shown in all of the patients. Of the five NADENs, there were three adenomas and two adenocarcinomas confined in the mucosa based on the pathological reports in the postoperative course. All of the lesions treated by LECS were located in the second portion of the duodenum. The distance between NADENs and Vater papilla was measured in the upper-GI series images in all of the patients and ranged from 14 to 32 mm. In cases 2 and 3, NADENs were observed in the vicinity of Vater papilla (15 mm in case 2, 14 mm in case 3), but the indication of LECS was approved, given that the lesions were not located in contact with the pancreas head. The representative NADENs images from case 3 are presented in Figure 2 . The section of the LECS for NADENs procedure is presented in Figure 3 . The operative results are presented in Table 2 . The total operation time ranged from 152 to 552 (mean 264) min. In case 5, the relatively large mucosal defect resulting from ESD (tumor size: 54 mm × 47 mm in Table 1 ) for NADENs resulted in the only open conversion during the procedure in this study [ Table 2 ]. Following the laparotomy, full thickness suture repair of the duodenum was performed under the direct vision. In ESD, R0-resection was accomplished in all of the patients. The active bleeding during ESD was mainly treated with the electrocoagulation. In case 1, microperforation occurred during ESD, but was successfully repaired by subsequent clipping under endoscopy. With regard to postoperative complications, the duodenal stenosis in case 5 was treated by endoscopic balloon dilatation for four times during the hospital stay (C-D: Grade IIIa), but bleeding and perforation were not noted during the procedure and postoperative course. In all of the patients treated with LECS for NADENs, both vertical and horizontal margins of the specimen were free of tumor cells. In the postoperative course, the patients with the exception of case 5 resumed food intake on postoperative days (POD) 3-5 and full daily activity on the day of discharge. In case 5, the liquid diet was allowed to take on POD 38 and normal diet on POD47. The patient resumed full daily activity at the discharge of POD 49. In the outpatient clinic, follow-up endoscopy was performed for all of the patients during the first postoperative year, and CT was performed for the two patients with adenocarcinomas for every 6 months. To date, neither tumor recurrence nor metastasis was noted in any of the patients. 
DISCUSSION
In this study, we present our initial experience of LECS for NADENs, which was accomplished in four out of the consecutive five cases. We did not experience serious intra-and postoperative complications (> C-D: Grade IIIb) or tumor recurrence, thereby suggesting the feasibility of our LECS procedure for NADENs, although the results from our small number of case series study remain limited. In our series of cases successfully treated by LECS, early resumption of food intake and full daily activity approximately one week in the postoperative course demonstrated the reduced invasiveness of our LECS procedure for NADENs. There was one case of open conversion due to the relatively large mucosal defect (tumor size: 54 mm × 47 mm in case 5) resulting from ESD in this study, implying the limitation of the indication of our procedure for LECS for NADENs. Abe et al. [17] reported the successful treatment of duodenal GIST, 62 mm in diameter by laparoscopy-assisted full-thickness resection, where both resection of the lesion and subsequent repair was performed manually under the 5 to 7 cm upper median laparotomy, suggesting the promising In CT, np indicates neither significant regional lymph node swelling nor distant metastasis. Case 5 was the only case of open conversion. Three adenomas and two adenocarcinomas were confined in the mucosa Micro-perforation during ESD was immediately repaired with clips under endoscopy. Duodenal stenosis occurred in the case of open conversion but was treated by repeated endoscopic balloon dilatation. ESD: endoscopic submucosal dissection In the literature [10] [11] [12] [13] [14] [15] , a total seven authors reported a series of LECS for NADENs where the lesions were treated by either ESD and subsequent laparoscopic repair or endoscopy-assisted laparoscopic full-thickness resection and repair without any serious intra-and postoperative complications, corresponding to our results [ Table 3 ]. In those reports, surgery was occasionally performed for adenocarcinomas confined in the mucosa, but no tumor recurrence was noted in the postoperative course, revealing the feasibility of the indication of LECS for NADENs. Regarding the size of NADENs successfully treated with LECS, the mean diameter ranged from 13.3 to 22 mm [ Table 3 ]. From our experience of only one conversion involving a tumor that was 54 mm in diameter, LECS might be accomplished for NADENs within approximately 30 mm in diameter and at least 10 mm away from Vater papilla.
Our LECS procedure for NADENs is consistent with the previous reports, demonstrating ESD and subsequent laparoscopic repair in the treatment of NADENs [13, 14] . Complete resection of the lesions by ESD without micro-perforation theoretically enables the avoidance of tumor dissemination in the peritoneal cavity, where the precise preoperative evaluation of the depth of NADENs is inevitable. Furthermore, postoperative analysis of pathological results is critical, given that additional surgery could be required in cases involving margins or vertical invasion beyond the submucosal layer of malignant lesions. Long-term follow-up for patients with malignant results are warranted to verify the oncological feasibility of LECS for NADENs.
Exposure of the epithelial injury in the duodenum to bile and pancreatic juice impairs tissue regeneration [18, 19] . Consequently, repair of the mucosal defect resulting from ESD is critical for the prevention of postoperative complications in LECS for NADENs. Compared with previous reports [13, 14] , our procedure for LECS for NADENs is novel in terms of the repair procedure after ESD consisting of the combination of laparoscopic hand-sewn seromuscular suture and endoscopic clipping, enabling the closure of the mucosal defect from both inside and outside the duodenum [ Figure 3 ]. The anticipation of laparoscopic hand-sewn seromuscular sutures contributed to the reduction of the mucosal defect and therefore facilitated subsequent endoscopic clipping, compared with immediate clipping after ESD. In our results, immediate or delayed bleeding and perforation did not occur, revealing the feasibility of repair using LECS for NADENs. The future prevalence of robotic surgery may facilitate the laparoscopic suturing in LECS for NADENs.
Ojima et al. [20] recently reported the operative results of LECS superior to ESD for the treatment of NADENs in the comparative study. They showed the statistically decreased incidence of any postoperative complications including bleeding and perforation in LECS, demonstrating LECS contributed to the improvement in the safety during and after ESD for the treatment of NADENs. To date, clinical data regarding LECS for NADENs derived from the short-term outcomes. Therefore, it should be reminded the long-term oncological outcomes remain to be verified for the establishment of LECS for NADENs. For the moment, the indication of LECS for NADENs requires deliberate consideration before the surgery and should be limited to NADENs at low-risk of biological aggressiveness.
In conclusion, LECS is a promising procedure of choice in the treatment of NADENs, facilitating early resumption of both food intake and full daily activity in the postoperative course. Further accumulation of clinical evidence is warranted for the establishment of the treatment strategy and obtaining long-term results of LECS for NADENs.
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